The wrists and elbows of 23 patients were examined at a mean follow-up of 5 years (2-10 years) after excision of the radial head for an isolated fracture. Fourteen elbows and 13 wrists were symptomatic. Proximal migration of the radius was seen in 15 cases; the mean distance of migration being 1.4 mm. Osteoarthritis, mostly mild, was seen in 17 elbows and 14 wrists and limited movement of the elbow was a common finding. Excision of the radial head for fracture had a high complication rate.
Introduction
Excision of the head of the radius is commonly performed in patients with comminuted fractures of the radial head [15, 19] . Many authors have, however, reported a high complication rate [2, 6, 7, 13, 21, 22, 26] , including pain and instability of the elbow, new bone formation at the site of resection, proximal radial migration and cubitus valgus [10, 20, 27] . Significant wrist symptoms are associated with subluxation of the inferior radioulnar joint [25] . We analysed the long-term outcome of excision of the head of the radius for fracture.
Patients and methods
Between 1984 and 1992, 44 patients underwent excision of the head of the radius for a closed isolated fracture. At follow-up, 4 patients had died and 17 could not be traced. Thus, 23 patients (9 men and 14 women) with a mean age of 42 years (13-77 years) were available for study at a mean follow-up of 5 years (2-10 years).
The fractures were classified according to Mason [16] : type 1: fracture without dislocation; type 2: fracture with a dislocated margin; type 3: a comminuted fracture; type 4: a comminuted fracture with dislocation.
The follow-up examination consisted of a questionnaire, clinical examination, measurement of the isometric flexion strength of the elbow and X-rays of the elbow and wrist. Pain in the elbow and wrist was evaluated on a 0-3 scale (0 = no pain; 1 = mild pain, with no limitation of recreational activities; 2 = moderate pain with some limitation of recreational but not daily activities; 3 = severe pain with limitation of both recreational and daily activities). The active range of movement of the elbow was measured with a goniometer. Muscle strength was measured with Zadig's dynamometer (Inor, Malmö) [28] . The strength of hand grip and flexion, extension, pronation and supination of the elbow were tested bilaterally. Plain X-rays of the elbow and wrist were taken and degenerative changes evaluated using a 0-3 scale (0 = no arthrosis, 1 = mild arthrosis, 2 = moderate arthrosis, 3 = severe arthrosis). Migration of the head was measured in millimetres. The overall outcome was classified as excellent, good, fair or poor using the criteria of Mikic and Vukadinovic [17] .
Results
Six of the fractures were type 2, and 17 type 3. The mean delay from fracture to surgery was 9 days (0-42 days). Four elbows were asymptomatic. The main complaint in the remaining 19 cases was pain on exertion. Thirteen patients had pain on exertion in the wrist ( Table 1 ). The mean elbow flexion was 135°(130°-140°; SD 4). In four elbows flexion was limited compared to the non-involved side by a mean of 6°(5°-10°). The mean extension was 15°(range -10°to 45°; SD 14). Extension was limited in 16 elbows compared to the non-involved side by a mean of 21°(5°-45°). The mean pronation was 77°(range 20°-90°; SD 23). Pronation was limited in seven elbows. The mean supination was 75°(40°-90°; SD 17). Supination was limited in 11 elbows. Two patients found the restriction of elbow movement very inconvenient and nine slightly inconvenient. The mean strength of hand grip and elbow flexion was significantly lower on the injured side, while the mean strength of elbow extension, pronation and supination showed no significant difference between the two sides ( Table 2 ). The weakness of the upper limb was a slight disadvantage to 12 patients. Osteoarthritic changes were found on X-ray in 17 elbow joints, and in 14 wrist joints (Table 1 ). There was no proximal migration of the radius on X-ray in eight cases, 1 mm migration in seven, 2 mm in five, 3 mm in one, 5 mm in one and 8 mm in one (Fig. 1) . The mean distance of migration was 1.4 mm (0-8 mm; SD 1.9). The head of the ulna was prominent in four patients. The distance of migration did not correlate with the outcome. The outcome was excellent in one, good in ten, fair in nine and poor in three patients.
Discussion
The ideal treatment for Mason type II and type III fractures of the head of the radius remains controversial. Early excision has been favoured by a number of authors [2, 11-13, 16, 19] , but delayed excision has also been advised [4] . Mason [16] reported satisfactory results in 23 patients despite some long-term abnormality of the elbow. Radin and Riseborough [19] presented excellent or good results in 19% of their patients, fair in 64% and poor in 17%; but recommended excision despite the number of unsatisfac- tory results. Morrey et al. [18] reported the outcome following excision to be usually satisfactory. Wening et al. [27] reported good results in 23% of their patients, fair in 64% and poor in 13%. In the present study, early radial head excision resulted in a satisfactory outcome in 48% of the patients. There are only a few reports on the outcome of delayed excision of the head of the radius. According to Broberg and Morrey [4] delayed excision yielded satisfactory results in 70% of the patients. There is a high complication rate following excision of the head of the radius [2, 3, 6, 7, 13, 21, 22, 26] ; including pain, instability, new bone formation at the site of resection, proximal radial migration and cubitus valgus [10, 20, 27] . Jensen et al. [14] indicated that the head of the radius acts as a stabiliser of the elbow joint in forced varus and external rotation and that excision leads to changes in the kinematics of the elbow. Adler and Shaftan [1] reported unsatisfactory results in 36% of patients following excision of the head of the radius and stated that conservative treatment gave better results. Some authors have suggested that excision should be reserved for patients who have an unacceptable outcome after conservative treatment [9, 10] .
Proximal migration of the head of the radius was first described by Brockman [5] . Morrey et al. [18] reported the mean distance of migration to be 1.9 mm at an average of 20 years after excision of the head of the radius, while Stephen [23] reported a slightly higher value, 2.3 mm, 13 years or more after excision. The mean distance of migration was shorter in the present study. The migration however did not correlate with the outcome, as was also reported by Stephen [23] . Other pathological findings, such as arthrosis of the elbow and/or wrist, limited movement of the elbow and weakness of flexion and extension of the elbow, were also common findings in this study.
Internal fixation of fractures of the head of the radius may give good results. Fractures associated with dislocation of the elbow, ulnar collateral ligament injury, proximal ulnar fracture and ipsilateral wrist injury are relative indications for operative treatment with preservation of the head of the radius [8, 10] . This is demanding surgery, and the complications include failure of fixation, impingement, heterotopic ossification and infection. This surgery is facilitated by improved techniques, including bioabsorbable pins, mini plates and screws and Herbert screws [10] . Radial head arthroplasty is technically easier. Acrylic, stainless steel, silastic and articulating CoCr prostheses have been developed and a variety of results have been reported [10, 24] . The complications associated with arthroplasty include subluxation or dislocation, painful loosening, implant impingement and fracture of the prosthesis. No controlled, randomised studies are available to compare radial head arthroplasty, excision of the head of the radius and open reduction and internal fixation.
In conclusion; excision of the head of the radius cannot be considered ideal treatment for isolated fractures; the head of the radius should be preserved whenever technically possible and replaced when necessary.
